Background: Adiposity may play a role as a potential trigger for adrenarche. The purpose of this study was to evaluate the association between body mass index (BMI) and serum dehydroepiandrosterone sulfate (DHEAS) level.
INTRODUCTION
Pubertal maturation consists of two processes, gonadarche and adrenarche. Gonadarche is the secretion of gonadal sex steroids by pubertal activation of the hypothalamic-pituitary-gonadal (HPG) axis. The age of onset in girls is typically between 8 and 13 years. 1 Adrenarche refers to a maturational increase in adrenal androgen production. 2, 3 Adrenarche is characterized by expansion of the adrenal zona reticularis, unique expression of steroidogenic enzymes and cofactors [4] [5] [6] , and changes in the pattern of adrenal biosynthetic and secretory response to adrenocorticotropic hormone (ACTH).
In adrenarche, 17-ketosteroid responsiveness to ACTH increases, while cortisol responsiveness to ACTH remains unchanged. 7 Therefore, adrenarche leads to increased production of adrenal androgens, dehydroepiandrosterone (DHEA), and its sulfate ester (dehydroepiandrosterone sulfate [DHEAS] ), but no increase in cortisol level. [2] [3] [4] While the clinical signs of adrenal androgen action rate of clearance from the circulation than DHEA. DHEAS has neither a diurnal rhythm nor day-to-day variation. Serum DHEAS level is the best marker of adrenal androgen secretion. 2,3 DHEAS levels above 1.1 µmol/L are regarded as a biochemical hallmark of adrenarche. 2, 3 Guran et al. 8 reported the cut-off age for an increase in DHEAS above 1.1 µmol/L is 8 years for girls and 7 years for boys. High prepubertal DHEAS level is associated with premature adrenarche (PA), defined as the appearance of clinical signs of adrenarche before the age of 8 years in girls, along with elevated DHEAS level for that age. Although PA is usually considered benign, in some girls, PA has been associated with several metabolic disturbances including hyperinsulinemia, dyslipidemia, or polycystic ovary syndrome. 2, 3 The initiation mechanisms of adrenarche remain mostly unclear although adiposity may play a role as a potential trigger. 2, 3 Previous studies have shown that low birth weight and small size for gestational age are associated with higher prepubertal adrenal androgen production, mainly in girls, especially if accompanied by rapid weight gain in early childhood. [9] [10] [11] [12] [13] Higher prepubertal adrenal androgen production has also been reported in obese children with normal birth weight. [13] [14] [15] Therefore, we retrospectively evaluated the medical records of 8-year-old girls to investigate the associations between body mass index (BMI) and serum DHEAS level.
METHODS

Subjects
We retrospectively reviewed the medical records of 8-year-old girls who visited Daegu Catholic University Medical Center between January 2014 and December 2016 with concerns regarding pubertal changes. In the present study, 192 healthy girls who underwent medical and physical examinations were evaluated. All subjects were born at term with a birth weight ≥ 2,500 g. Girls with chronic diseases, organic brain lesions, or receiving any drug treatment or exogenous hormone therapy were excluded. Pubertal status (breast development and pubic hair) was also recorded. 
Measurement and laboratory evaluation
The height and weight of each patient were measured, and BMI 
RESULTS
Anthropometric characteristics and hormonal status of the study population
Correlations and multiple linear regression analysis
Based on Spearman correlation analyses, BMI SDS was significantly and positively correlated with height SDS, BA/CA, and DHEAS level in all subjects (r = 0.269, r = 0.270, r = 0.298; all P < 0.001, respectively); group I subjects (r = 0.292, P = 0.010; r = 0.276, P= 0.015; r = 0.398, P< 0.001, respectively), and group II subjects (r = 0.251, P = 0.007; r = 0.366, P < 0.001; r = 0.252, P = 0.007, respectively). BMI SDS was significantly and negatively correlated with peak LH level in all subjects (r = -0.353, P < 0.001) and in group II subjects (r = -0.236, P= 0.011) ( Table 2 ).
Based on multiple linear regression analyses, BMI SDS was associated with serum DHEAS level in all subjects (β = 0.280, P < 0.001), group I (β = 0.415, P= 0.001), and group II (β = 0.206, P = 0.030) ( Table 3) . DHEAS level was associated with BA/CA in all subjects (β = 0.402, P < 0.001), group I (β = 0.494, P < 0.001), and group II (β = 0.347, P< 0.001) ( Table 4) . Recent studies have shown that obesity affects the LH response to the GnRH stimulation test in girls. 20, 21 During the GnRH stimulation test, peak LH level was significantly lower in obese and overweight subjects than in normal weight subjects, in Tanner stage 2 and 3 girls. 21 BMI was negatively correlated with peak LH level. 20 In this study, BMI SDS was also negatively correlated with peak LH level. Therefore, it is difficult to conclude that the prevalence of biochemical adrenarche in girls with gonadarche (activation of HPG axis) was lower than in girls without activation of the HPG axis.
The present study included 83 girls with biochemical adrenarche. However, only six of these 83 girls presented with pubarche, four of whom presented with pubarche without thelarche. Pubarche in these four girls was due to the development of adrenarche. The clinical presentation of adrenarche did not always correlate with serum DHEAS concentration. DHEA and DHEAS are very weak androgen receptor agonists that undergo extraglandular metabolism to produce active androgen, which activates the androgen receptor. The appearance of clinical signs varies depending on the peripheral metabolism and sensitivity to androgens. 2, 3 In addition, the conversion to active androgens in peripheral adipose tissue may be enhanced by obesity. 22 In several studies, obese children were reported to have BA that exceeded their CA, which leads to relatively tall stature before puberty and during early puberty, but not to a tall adult height. 23, 24 Kim et al. 25 reported that advanced skeletal maturation is associated with elevated DHEAS level in obese children and adolescents. In the present study, serum DHEAS level was significantly associated with BA/CA in all subjects. BMI SDS was significantly correlated with BA/CA, whereas, in the multivariate analysis, a significant association was demonstrated only in subjects with HPG axis activation. BMI SDS was significantly associated with DHEAS level in all subjects, not only in subjects with HPG axis activation.
In several studies, prepubertal adrenal androgen production has been reported to be higher in obese children. 14, 15, [26] [27] [28] [29] [30] Children with higher DHEAS level were reported to be fatter and tended to be taller and have a higher BA than their counterparts. 14 An increase in BMI in children is associated with an increase in urinary excretion of DHEAS, and BMI gains correlate with DHEAS. 27 Obese prepubertal children (8.5 ± 2.1 years) showed significantly increased DHEAS level compared with normal weight children. After 1 year of lifestyle intervention, while levels of other steroids were found to normalize with weight loss, the elevated DHEAS level did not.
This finding indicates an irreversible maturation of the zona reticularis of the adrenal gland even after successful weight loss. and leptin have been suggested to mediate the effect of obesity on the initiation of adrenarche. [31] [32] [33] [34] However, IGF-1 is likely associated with adrenal growth in early childhood rather than zona reticularis regulation. 35 An increase in the intra-adrenal concentration of cortisol during childhood growth may lead to inhibition of 3β-HSD2 activity. 36 Leptin may enhance the 17,20-lyase activity of adrenal cells. 37 Reportedly, body fat mass is closely associated with systemic leptin level 38 and 17,20-lyase activity in prepubertal girls. 39 The present study has several limitations. First, the single clinicbased retrospective design may lead to selection bias. Second, the sample size of overweight/obese girls was relatively small, so the relationship of BMI might have been underestimated. Third, BMI percentiles were used to classify obesity. Although BMI is a good measure for overweight, it is limited as an indirect measurement of fat mass.
In conclusion, BMI SDS was associated with DHEAS level, which was associated with BA/CA. We postulate that childhood obesity may influence the development of adrenarche, which is associated with advanced skeletal maturation. Future studies including a large sample of Korean children are needed to investigate the influence of obesity on adrenarche.
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